Abstract-This paper presents techniques for the design of interleaved system. In addition to accurate closed-loop output high-power Lundell alternators with integrated switched-mode voltage control, we introduce means to provide (partial) rectifiers. A multi-section stator winding and interleaved synchronous rectification for reduced loss, and demonstrate rectifier arrangement is introduced that enables high power the ability to achieve tight load dump transient control within levels to be achieved using small semiconductor devices, and the requirements of 42 V electrical systems [27] .
INTRODUCTION
control scheme implemented in the system is also described, There is an emerging need for automotive generators that along with experimental results demonstrating the ability to can provide higher output power and power density, meet the requirements of 42 V systems. Finally, Section IV improved efficiency, and better transient response (including concludes the paper. load dump suppression.) Moreover (Figi) . The switched-mode improvements in the power capability, efficiency, and rectifier provides additional means of controlling the transient response of both Lundell and permanent magnet alternator. As shown in [10] and elsewhere, by modulating alternators [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [24] [25] [26] . This paper carries this strategy the switches with an appropriate duty ratio (at a high forward, and presents the design and experimental evaluation frequency compared to the machine electrical frequency), the of a high-power 42 V Lundell alternator having the power alternator output characteristics can be matched to the output electronics and control circuitry fully integrated with the in a manner that provides greatly increased power capability machine. The new design is shown to provide -1000 and efficiency across speed and power. increase in output power and power density over a
As shown in [10] VAN, rectifier output capacitor that is on the order of Io1(d (1-d) Fig. 4 . Acceptable temperature rises at the device cases of The rewound machine described above has been coupled less than 50°C were found for all operating conditions with a four-cell (Nc = 4) switched mode rectifier (Fig. 3) to evaluated. Further details of the electrical and thermal design realize a 3.4 kW, 42 V alternator. This alternator has the and testing of the switched-mode rectifier may be found in power electronics and control circuitry fully integrated into [23] [24] [25] [26] . the machine. To accommodate the prototype switched-mode rectifier, heat sink, and sensors, the alternator case was III.
CONTROL
extended by approximately 4 cm (roughly by a factor of 1.3).
Control of the alternator encompasses a number of tasks. As the redesigned alternator achieves a factor of 2.1 increase Foremost is the regulation of the output voltage across in output power (Fig.2) , we have achieved more than a factor variations in load. This is achieved through control of both of 1.6 improvement in power density. (Based on our subsequent work, we believe that the rectifier could be incorporated with no increase in case length, promising over a factor of two improvement in power density.) A photograph of the prototype alternator (with thermocouples attached and internal node voltages brought out) is shown in Fig. 7 [25, 
33]).
Another control possibility arises from the fact that the 500 switching ripple currents delivered by the interleaved cells 0I cancel completely for certain duty ratios (e.g., see [25, 28- direction. This information is used in controlling the SMR duty ratio and
The strategy adopted in our prototype system is to select an implementing synchronous rectification. appropriate duty ratio based on alternator speed (with a small amount of hysteresis in the transition points), and to regulate dt ai wn ewe eoadmxmm ml amount ohsriitersi pisummed error term (digital integral term) is also added into the output power within that speed range via field control. the fi Figure 14 shows output power vs. speed for the alternator for a number indicates the direction of the current of that alternator phase. 
